The sperm storage tubules of the box turtle (Terrapene carolina) were examined by transmission electron microscopy. Tubules 
Introduction
The storage of spermatozoa in the female reproductive tract is used to extend the period of fertility in most vertebrate groups. It is, however, most extensively used by reptiles and birds (Howarth, 1974) , and allows the fertilization of multi-egg clutches, or even multiple clutches, without repeated matings (Gist and Jones, 1989) . In most avian and reptilian species, spermatozoa are stored in tubules (SST) located either in the infundibulum or in the uterovaginal regions of the oviduct. The uterovaginal junction appears to be the preferred location in most species (Gist and Jones, 1989) , and estimates of 'delayed fertility' for spermatozoa housed there range from several days to several years.
The longevity of stored spermatozoa compared with the relatively short life of most spermatozoa outside the male reproductive tract (Restall, 1967) suggests that the survival of stored spermatozoa might be influenced by the female host. Histochemical studies of uterovaginal sperm storage areas and other regions of the oviduct in birds (Bakst, 1987; Bakst and Bird, 1987) and squamate reptiles (Cuellar, 1966; Kumari et al, 1990) suggest that the SST may possess biochemical adaptations favourable for sperm retention. Close associations between spermatozoa and host cells have been observed in infundibular storage areas (Fox, 1956; Bobr et al, 1964; Bou-Resli et al, 1981) . However, neither light nor electron microscope evidence has been obtained that suggests an intimate association between the stored spermatozoa and the cells of the host tubules in the uterovaginal region of the oviduct (Fox, 1963; Cuellar, 1966; Shindler et al, 1967) .
In turtles, the sites of sperm storage within the oviduct differ from other groups in that they are located midway between the infundibular and vaginal portions of the oviduct, in the tubules of glands associated with the secretion of egg white (albumen) proteins (Gist and Jones, 1987 Hitachi H-600 transmission electron microscope. 
Results

Gross morphology
The albumen region occupies almost half of the oviduct length and extends from the infundibulum to the uterus; it is separated from the latter by an aglandular transition region (Hattan and Gist, 1975 (Fig. 2) and contained a diffuse flocculent material which resembled that found in the tubule lumen; several such vesicles were seen protruding into the lumen (Fig.  3 ). Mitochondria were displaced laterally, and, judging from the quantity of secretory vesicles, Golgi vesicles were sparse. The apical surface of the cells formed varying quantities of microvilli which extended into the lumen of the secretory tubule (Fig. 3) .
In addition to the larger membrane-bound secretory vesicles, the apical cytoplasm contained numerous smaller (0.2 µ ) vesicles which appeared to be empty (Fig. 3) . Some of these vesicles were fused with the apical membrane, and a few could be observed intact in the lumen of the tubule.
A prominent feature of the tubules was the presence of junctional complexes between cells at the apical border (Fig. 4) . Immediately beneath these complexes the membranes of adjacent cells were folded together, forming lateral interdigitations (Fig.  4) . Desmosomes were concentrated in the apical half of the cells, but were observed all along the lateral membranes of the cells forming the tubules. (Fig. 6 ).
Discussion
The albumen glands of the turtle are named on the basis of their homology to the glands of the avian magnum, which secrete egg white (albumen) proteins, not on the identity of their secretion, which is uncertain. The organization of these glands in the box turtle oviduct is similar to the tubular glands of the avian magnum in that they are highly branched and empty into the lumen via short epithelial ducts usually found at the base of longitudinal mucosal folds or via breaks in the overlying epithelium (Fertuck and Newstead, 1970 (Cuellar, 1966) and avian (Bakst, 1987) groups to actual penetration of spermatozoa heads into the host cells (Hoffman and Wimsatt, 1972; BouResli et al, 1981) . The more intimate of these associations between spermatozoa and host cells has prompted speculation that the host cells are necessary to provide nourishment for the stored spermatozoa. This seems unlikely for several reasons. Sperm storage has been hypothesized to allow spermatozoa inseminated in the autumn to fertilize eggs the following year (Gist et al, 1990) or to allow multi-egg or repeated clutches to be oviposited without benefit of repeated matings (Gist and Jones, 1987, 1989) . It is not known how spermatozoa exit the storage tubules to accomplish fertilization. Previous studies of this (Hattan and Gist, 1975) and other (Gist and Jones, 1989) species of turtle have indicated that spermatozoa are orientated within the tubules with their heads towards the blind end of the tubule. This orientation, together with the absence of myoepithelial cells or other means of tubular constriction, suggests that exit of spermatozoa from the glands may be passive. The large, telolecithal eggs of turtles greatly distend the oviduct as they distend, and this distension could displace sperm from the storage tubules. It has been noted that increased numbers of spermatozoa are observed in the lumen of the albumen region of the oviduct in unmated turtles between egg clutches (Gist et al, 1990) , suggesting that ovum descent may dislodge at least some spermatozoa from the storage tubules.
